ABSTRACT
Introduction

53
While what defines a bacterial species remains contentious, our understanding the evolution of 54 bacterial lineages is dependent on the elucidation of the various forms of adaptive divergence 55 they experience (1) (2) (3) . Bacterial population structure may change over time, such that an 56 historically clonal bacterial population can experience recombination to the point of panmixis 57 and return to clonality as ecologically stable forms emerge and increase in frequency by positive 58 selection (4-6). Processes that lead to ecologically stable populations include the cessation of 59 panmixis accompanied by continued accumulation of mutations in what is now described as the 60 ecotype model (7) (8) . Clonality maintains adaptive gene complexes and produces the epidemic populations of rapidly spreading bacteria such as Pseudomonas syringae pv. actinidae and P. 66 syringae pv. aesculi causing the kiwifruit canker epidemic in Europe/New Zealand and bleeding 67 canker disease of horse chestnut in Europe, respectively, are viewed as emergent clonal 68 pathotypes that have colonized a new ecological niche (12-13).
69
In the ecotype model, non-homologous and homologous recombination are major drivers 70 of evolution in bacterial populations (14-17; 6). Horizontal gene transfer (HGT, also called non-
71
homologous recombination or lateral gene transfer), occurs between and within species (18).
72
Transformation, transduction and plasmid-mediated gene transfer are all mechanisms through 73 which HGT is known to occur in bacteria (19) . The rate of HGT can be high and produces Analysis of the Xe and Xp pan and core genomes showed heterogeneity in genome composition.
156
We observed a gradual decrease in core genome size with the addition of strains, and a bimodal To examine the differences in gene content between NI1, NI38 and other Xp and Xe 164 strains, we produced a pangenome tree using Gower's similarity coefficient, which is 0 when 
Extensive recombination in lineages of Xp
178
ClonalFrameML analyses showed different rates of homologous recombination in Xe and Xp
179
( Table 2 ). The ratios of recombination to mutation for Xe showed that homologous 180 recombination of imported DNA occurred at less than half the rate of mutation (R/θ) across all
181
Xe strains. For Xp, estimated rates of recombination to mutation were dependent on the 182 population used for analysis. For all Xp strains, recombination and mutation approached the 183 same rate (R/θ=0.85). When strains from the Florida population were considered exclusively 184 (NI1 and 4P1S2 excluded), recombination reached 1.5 times the rate of mutation. In all cases, the 185 overall impact of recombination on nucleotide variation was greater than that of mutation (R/m > 186 1).
187
The extensive homologous recombination in lineages of Xe and Xp is visualized in Figure   188 3. The number of recombination events is generally high in ancestral strains of each lineage, with Table S5 
267
The close relatedness between strains of X. euvesicatoria and X. perforans is reflected in Recombination has shaped the evolution of X. euvesicatoria and X. perforans lineages 274 Our results show that recombination is a major driver of evolution of both Xe and Xp. We found Xp. Our analysis also detected higher recombination rates within the Florida population of Xp.
279
The Xe strains were collected in the southeastern U.S., but over a longer span of time than the Xp 280 strains (40). Homologous recombination is more likely to be detected in single population Xp but differ by two nucleotides from other Xe (73). This is the first time that the primers have 320 not correctly differentiated Xe and Xp strains, and points to the limitations of pathogen 321 identification using a single primer set.
322
The mix of type 3 secreted effectors in NI1, NI38 and 4P1S2 raises concerns regarding 323 which effectors to use as targets for durable resistance breeding. One strategy being used to 324 determine candidate targets for resistance breeding is to identify core, conserved effectors. 
380
Fitted exponential decay functions were applied to resampled genomes as described by (65) Gower's distance using the hcluster_matrix.sh function in get_homologues.pl.
386
Alignment and phylogenetic inference using core genomes 387 To infer the phylogeny using models for DNA sequence evolution, core genes were extracted 388 using GET_HOMOLOGUES and filtered using an in-house python script to select for single 389 copy orthologous genes. Alignments were carried out for each gene individually before 390 concatenation using MUSCLE (69). We used the concatenated core genome alignment to infer a 391 maximum likelihood phylogeny using iQTree, which was set for automatic selection of the best 400 We carried out analysis of recombination using ClonalFrameML on Xp and Xe strains separately 
Analysis of recombination
671
The corresponding analysis of all strains together is shown in Supplementary Figure S2 . 
